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Neutrino telescope concept
• First proposed by M. Markov at ICHEP conference, 

1960: “ We propose setting up apparatus in an 
underground lake or deep in the ocean in order to 
separate charged particle directions by Cherenkov 
radiation”

New York Times

credit: Subhadip Bouri
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High-energy neutrino astrophysics
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credit: Subhadip Bouri
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credit: Subhadip Bouri



High-energy neutrino production 

credit: Subhadip Bouri
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KM3NeT: km3 Neutrino Telescope



KM3NeT
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ORCA: Oscillation Research with Cosmics in the Abyss


ARCA: Astroparticle Research with Cosmics in the Abyss

Gozzini PPC 2024



KM3NeT ARCA and ORCA blocks
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Circella TeVPA 2024

ORCA: Sensitive to neutrinos + anti-
neutrinos in the energy range ~ 1 GeV to 100 
GeV 


ARCA: Sensitive to neutrinos + anti-
neutrinos with energies beyond ~ 100 GeV 




Neutrino detection technique in KM3NeT
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Circella TeVPA 2024

KM3NeT can detect both neutrinos and anti-neutrinos of all flavours



14Ranjan Laha

https://www.km3net.org/km3-230213a/the-signal/



The record-breaking neutrino
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KM3NeT “Observation of an ultra-
high-energy cosmic neutrino with 
KM3NeT”



The record-breaking neutrino
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KM3NeT “Observation of an ultra-
high-energy cosmic neutrino with 
KM3NeT”

Deposited muon energy = 
<latexit sha1_base64="0XbwnPsvJPiCMyYsk64XbhkOFy0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgqCVTpLosunFZwT6giWEynbZDZ5IwMxFKyMKNv+LGhSJu/Qh3/o3TNgutHrhwOOde7r0niDlT2nG+rMLS8srqWnG9tLG5tb1j7+61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBOMr6Z+555KxaLwVk9i6gk8DNmAEayN5NtlVHPu0mOEnMxPT+tO5p6krhSwSduZb1ecqjMD/EtQTiogR9O3P91+RBJBQ004VqqHnFh7KZaaEU6zkpsoGmMyxkPaMzTEgiovnT2RwUOj9OEgkqZCDWfqz4kUC6UmIjCdAuuRWvSm4n9eL9GDCy9lYZxoGpL5okHCoY7gNBHYZ5ISzSeGYCKZuRWSEZaYaJNbyYSAFl/+S9q1KqpX6zdnlcZlHkcRlMEBOAIInIMGuAZN0AIEPIAn8AJerUfr2Xqz3uetBSuf2Qe/YH18A6d9ljo=</latexit>

120+110
�60 PeV

Median muon neutrino energy producing such a muon in ARCA = 
<latexit sha1_base64="ubHv5w+SefajZLJLu/fLn831e3Y=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8SNktUj0WvXisYD+gu5ZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nikKTxjxWnZBo4ExC0zDDoZMoICLk0A5HN1O//QhKs1jem3ECgSADySJGibHSQ7Xq+ueZrwRuQGvSK5XdijsDXiZeTsooR6NX+vL7MU0FSEM50brruYkJMqIMoxwmRT/VkBA6IgPoWiqJAB1ks6sn+NQqfRzFypY0eKb+nsiI0HosQtspiBnqRW8q/ud1UxNdBRmTSWpA0vmiKOXYxHgaAe4zBdTwsSWEKmZvxXRIFKHGBlW0IXiLLy+TVrXi1Sq1u4ty/TqPo4CO0Qk6Qx66RHV0ixqoiShS6Bm9ojfnyXlx3p2PeeuKk88coT9wPn8A90qRiw==</latexit>

220PeV

Energy range containing 90% of the incoming neutrino energies: 
<latexit sha1_base64="25/N6bF/ipoBT/65HP83VsatjBw=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuNBhpkjrsiiCywr2Ap2hZNJMG5pkhiQjlKE7N76KGxeKuPUV3Pk2pu0stPpD4Oc753By/jBhVGnX/bIKS8srq2vF9dLG5tb2jr2711JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF1N6+17IhWNxZ0eJyTgaCBoRDHSBvXsw1rFP818yWGDtCbwDFacag6uDejZZddxZ4J/jZebMsjV6Nmffj/GKSdCY4aU6npuooMMSU0xI5OSnyqSIDxCA9I1ViBOVJDN7pjAY0P6MIqleULDGf05kSGu1JiHppMjPVSLtSn8r9ZNdXQRZFQkqSYCzxdFKYM6htNQYJ9KgjUbG4OwpOavEA+RRFib6EomBG/x5L+mVXG8qlO9PS/XL/M4iuAAHIET4IEaqIMb0ABNgMEDeAIv4NV6tJ6tN+t93lqw8pl98EvWxzdIu5cP</latexit>

72PeV � 2.6EeV



The record-breaking neutrino: 

definitely astrophysical
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KM3NeT “Observation of an ultra-
high-energy cosmic neutrino with 
KM3NeT”

Extremely unlikely for this event to be due to a fluctuation of the atmospheric 
neutrino or muon background: comes from a region of the sky where atmospheric 
muons almost cannot come from



KM3-230213A: is it coming from our galaxy?
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KM3NeT “On the Potential Galactic 
Origin of the Ultra-High-Energy Event 
KM3-230213A”

The event cannot come from the Galactic diffuse emission and is not in the 
direction of any Galactic high-energy source



KM3-230213A: is it of cosmogenic nature?
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KM3NeT “On the potential cosmogenic 
origin of the ultra-high-energy event 
KM3-230213A”

The event may be in tension with the ultra-high-energy cosmic ray measurements.  
However, it can be reconciled if we do the redshift integral till z = 6 and assume a 
sub-dominant fraction of protons in the ultra-high-energy cosmic-ray flux

<latexit sha1_base64="Uq1NFVbqHEJqrfI+PfOO9ukhsog=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUr0IRS8eK9gPaEPYbDft0t0k7G7ENvSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqd+e1HKhWLowc9Tqgn8CBiISNYG8m3yxM/60mBBH6aomvk+nbFqTpzoFXi5qQCORq+/dXrxyQVNNKEY6W6rpNoL8NSM8LptNRLFU0wGeEB7RoaYUGVl80Pn6JTo/RRGEtTkUZz9fdEhoVSYxGYToH1UC17M/E/r5vq8MrLWJSkmkZksShMOdIxmqWA+kxSovnYEEwkM7ciMsQSE22yKpkQ3OWXV0nrvOrWqrX7i0r9Jo+jCMdwAmfgwiXU4Q4a0AQCKTzDK7xZE+vFerc+Fq0FK585gj+wPn8AnuuSbA==</latexit>

zmax = 1

<latexit sha1_base64="57koeiLH5AIgEhGZAOttOjzK20I=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUr0IRS8eK9gPaEPYbDft0t0k7G7ENvSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqd+e1HKhWLowc9Tqgn8CBiISNYG8m3yxM/60mBBH6aomtU8+2KU3XmQKvEzUkFcjR8+6vXj0kqaKQJx0p1XSfRXoalZoTTaamXKppgMsID2jU0woIqL5sfPkWnRumjMJamIo3m6u+JDAulxiIwnQLroVr2ZuJ/XjfV4ZWXsShJNY3IYlGYcqRjNEsB9ZmkRPOxIZhIZm5FZIglJtpkVTIhuMsvr5LWedWtVWv3F5X6TR5HEY7hBM7AhUuowx00oAkEUniGV3izJtaL9W59LFoLVj5zBH9gff4Apn+ScQ==</latexit>

zmax = 6



KM3-230213A: is it from a blazar?

20Ranjan Laha

KM3NeT Characterizing Candidate 
Blazar Counterparts of the Ultra-
High-Energy Event KM3-230213A”

About 17 blazars are in a region about 30 from the best-fit direction of the event

Two sources with known black hole masses and red-shifts:  PMN J0609-0615 and 
PKS 0605-085



Beyond the Standard Model physics 
with KM3-230213A



KM3-230213A: beyond the Standard Model 
physics in propagation?
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Given that this is the highest energy neutrino ever detected, it is tempting to 
think of how we can probe beyond the Standard Model physics with it

The mere observation of this event implies that the neutrino did not suffer 
catastrophic attenuation/ deflection during its propagation 

The neutrino propagates through a dark matter background (host halo, 
intergalactic space, and Milky Way halo), thus, we can constrain dark matter - 
neutrino scattering from this interaction



KM3-230213A: beyond the Standard Model 
physics in propagation?
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fig. credit: Subhadip Bouri

<latexit sha1_base64="eKoahSShdbRRdk1kKe2kXDVjB28=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlKkuiy6cVnBPqAJZTK9aYfOJGFmIpSQ/3Djr7hxoYgrwYV/47TNorYeuHDmnHuZe0+QcKa04/xYa+sbm1vbpZ3y7t7+waF9dNxWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfh26nceQSoWRw96koAvyDBiIaNEG6lv17xBKAnNvOaI9TNPChwHKs8X3iDyHHsclFJMYKfq9u2KU3VmwKvELUgFFWj27S9vENNUQKQpJ0r1XCfRfkakZpRDXvZSBQmhYzKEnqEREaD8bHZbjs+NMsBhLE1FGs/UxYmMCKUmIjCdguiRWvam4n9eL9XhtZ+xKEk1RHT+UZhyrGM8DQoPmASq+cQQQiUzu2I6IiYrbeIsmxDc5ZNXSbtWdevV+v1lpXFTxFFCp+gMXSAXXaEGukNN1EIUPaEX9IberWfr1fqwPueta1Yxc4L+wPr+BVnSoZU=</latexit>
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<latexit sha1_base64="Zz3w1jfcsO2AMYyzxtcppEoyGMM="></latexit>
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<latexit sha1_base64="uZsLLdR2S4it1hNm9k2JfECQibM=">AAACAHicbVA9SwNBEJ2LXzF+nVpY2CwGwcZwJxItgzaWEcwH5ELY22ySJbt7x+6eEI5r/Cs2ForY+jPs/Ddukis08cHA470ZZuaFMWfaeN63U1hZXVvfKG6WtrZ3dvfc/YOmjhJFaINEPFLtEGvKmaQNwwyn7VhRLEJOW+H4duq3HqnSLJIPZhLTrsBDyQaMYGOlnnsUaDYUuJcGSqCAjBg6R4FMsp5b9ireDGiZ+DkpQ456z/0K+hFJBJWGcKx1x/di002xMoxwmpWCRNMYkzEe0o6lEguqu+nsgQydWqWPBpGyJQ2aqb8nUiy0nojQdgpsRnrRm4r/eZ3EDK67KZNxYqgk80WDhCMToWkaqM8UJYZPLMFEMXsrIiOsMDE2s5INwV98eZk0Lyp+tVK9vyzXbvI4inAMJ3AGPlxBDe6gDg0gkMEzvMKb8+S8OO/Ox7y14OQzh/AHzucP5FCV9w==</latexit>���⌫ = dark matter - neutrino 

cross-section

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>⇢ = dark matter density



KM3-230213A: limit on dark matter - neutrino 
interaction
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KM3-230213A lets us set strong limits on dark matter - neutrino interaction

This limits can be world-leading if the cross-section is energy dependent

Mondol, Bouri, Saha, and Laha

(in preparation)



Conclusions

Questions & comments: ranjanlaha@iisc.ac.in

• Neutrino telescopes play a leading role in our understanding of astrophysics

• Searches using neutrinos from the Sun and SN 1987A have lead to a deeper 
understanding of these objects

• High-energy neutrino astrophysics is playing an important role in 
understanding the high-energy non-thermal Universe

• We have shown that this single event will put the most stringent constraint on 
neutrino - dark matter cross-section

• The discovery of high-energy astrophysical neutrinos by IceCube has opened 
up a new avenue to our Universe

• The discovery of the high-energy neutrino event by KM3NeT, dubbed 
KM3-230213A, is the highest energy neutrino ever detected


